This paper provides new evidence for dollarization in Georgia during the period from 1996 to 2007 using implications of dynamic money-in-utility-function models. Partial e¤ects of foreign and domestic in ‡ation, exchange rate, and foreign and domestic currency deposits'interest rates on dollarization are considered. The US dollar is a strong substitute for domestic currency and has a signi…cant share in producing domestic liquidity services. The actual dollarization in Georgia is well explained by the exchange rate partial e¤ects model.
Introduction
The phenomenon of dollarization 1 was a very popular topic in the academic literature in the 1970s and 1980s. After stabilization policies in Latin America were implemented it became silent. Recently, this issue has gained increasing attention mostly due to the high degree of dollarization in a number of former Soviet market economies. In these economies, large amounts of the US dollar are held by the public. De-dollarization has not occurred in these countries despite recent progress in macroeconomic stabilization. Georgia is one of these economies, in which moderate in ‡ation and stability of the exchange rate do not provide enough incentives to switch to the domestic currency, the lari.
It is well known that dollarization in ‡uences monetary independence of a country. Signi…cant dollarization leads to decreasing control over the exchange rate, to reducing the results of in ‡ation stabilization and monetary policies, and to stimulating the growth of the shadow sector of an economy. Thus, dollarization should be taken into account by authorities in determining the exchange rate regime, in conducting policies, and in intervening on the foreign exchange market. This paper studies the signi…cance and degree of dollarization in Georgia, and addresses the issue of the persistence in the use of the US dollars.
2 A large stream of literature focuses on the study of dollarization using various approaches.
The demand for domestic currency with respect to foreign currency is usually empirically analyzed based on a theoretical model. Several categories of theoretical models can be identi…ed. The …rst type are sequential portfolio balance models (Miles, 1978) . In these models agents choose an optimal mix of monetary and non-monetary assets, and then decide how much of each currency to hold. The elasticity of currency substitution is then estimated 1 The paper uses dollarization to refer to the uno¢ cial process when the national currency, as means of circulation and wealth accumulation, is substituted with a more stable foreign currency or several currencies (Calvo & Vegh, 1996) . 2 In Georgia, the US dollar has the largest share (85-90%) in total foreign currency holdings.
as a parameter in the foreign currency demand equation. The classical optimization model (Thomas, 1985) implies that the ratio of domestic to foreign money is negatively related to the domestic nominal interest rate and positively to the foreign nominal interest rate.
Another type of model is a two-period portfolio balance model, in which agents allocate wealth among domestic and foreign money and bonds (for example, Cuddington, 1983) .
The demand for domestic real money balances is as a function of domestic real income, interest rates on domestic and foreign bonds, and the expected rate of depreciation.
Recent models of dollarization deal with the agent's dynamic optimization. These models usually follow the money-in-utility-function (MIUF, Sidrauski, 1967) approach. The demand for foreign currency is based on the …rst order conditions for MIUF model optimization. This demand equation is estimated rather than an ad hoc money demand function. The parameters of consumer preferences are jointly or separately estimated by the generalized method of moments (GMM, Hansen, 1982) . Imrohoroglu (1994) estimates currency substitution between the Canadian and the US dollars. Selcuk (1997) applies the same model for the Turkish case. Friedman and Verbetsky (2001) consider dollarization in Russia. Mulligan and Nijsse (2001) examine currency substitution in Bulgaria, Hungary, Poland, and Romania. A study on Bolivia can be found in Cuddington, Garcia, and Westbrook (2002) . Selcuk (2003) provides empirical evidence for the Czech Republic, Hungary, Israel, Jordan, Poland, and Slovak Republic.
Models with ratchet e¤ect of dollarization (also known as hysteresis) refer to the persistence in foreign currency use despite improvement in macroeconomic fundamentals. In order to explain the ratchet e¤ect of dollarization these models usually assume that the reaction of the money demand is asymmetric to the key explanatory variables. In empirical studies, this e¤ect is captured by adding past maximum of in ‡ation rate as an explanatory variable. The main …nding of these studies is that the elasticity of money demand is higher when in ‡ation rises than when in ‡ation is falling. In theoretical models, this asymmetry results from costs of consideration of households. These can be costs of learning, developing, or applying …nancial innovation strategies. In these models, only a highly signi…cant decline in in ‡ation or domestic currency appreciation can provide enough incentives to switch to domestic money. Uribe (1997) builds a cash-in-advance model with a network externality with money as a medium of exchange. There are transaction costs for using foreign currency.
The positive network externality reduces the transaction costs of foreign currency.
This papers uses the implications of a dynamic money-in-utility-function model to investigate the phenomenon of dollarization in the context of the Georgian transition economy.
First, signi…cance of dollarization is addressed. The model is used to estimate the elasticity of currency substitution between the US dollar and the lari as well as their shares in the production of money services. In the model, both currencies are useful in reducing transaction costs. Money services are produced using CES technology with two currencies as inputs. In ‡uence of dollarization learning on the elasticity of currency substitution is studied. This aims to capture not just the role of the fundamentals but all possible factors that in ‡uenced the dollarization process in the past. Second, the MIUF framework is used to study dynamics of dollarization. Evolution of actual dollarization is compared to the model's optimal dollarization level.
The results show that dollarization is of signi…cant importance in Georgia. The GMM estimates indicate that the US dollar is a good substitute for the domestic currency in terms of reduction of transaction costs. Foreign money balances have 0.57-0.8 signi…cant share in producing liquidity services. Dollarization persistence in Georgia can be explained by trends in exchange rate, in domestic versus foreign in ‡ation, as well as in interest rates di¤erential between domestic and foreign currency deposits. The exchange rate model predicts dollarization the closest to actual one comparative to the in ‡ation and the interest rate models.
The paper is structured as follows. Section 2 presents the model of an economy. Section 3 describes the data. Empirical …ndings are presented in Section 4. The dynamics of dollarization is studied in Section 5. Section 6 concludes.
Benchmark Model
The economy consists of in…nitely lived identical agents. Let N be population that is constant over time N t = N t 1 , P t is the price of the consumption good in terms of the domestic currency, and P t is foreign price. At the beginning of each period, each agent decides how much to consume c t = Household's budget constraint is given as
In real per capita terms the budget constraint is c t +m t +m t +cd t +cd t = m t 1 P t 1 P t +m t 1
The FOCs for the problem are
The term U x (t) denotes the marginal utility of x at time t. Marginal utilities U m (t) and U m (t) show a transaction cost reducing role of the real money balances at period t in domestic and foreign currencies, respectively. In Eq. 2.3 and Eq. 2.4, the marginal utility of holding one unit of real money balances plus the discounted next period marginal utility a¤orded by the real balances at time t are balanced by the marginal utility loss at time t.
The utility function follows Kydland and Prescott (1982) non-separable in consumption and money services:
This function is a constant relative risk aversion in the consumption and money services function. The parameter > 0 is the coe¢ cient of relative risk aversion, and 1 is the elasticity of intertemporal substitution; re ‡ects the transaction requirement of money in a broad sense. This form of the utility function re ‡ects the motive for holding money: to reduce transaction costs in implementing e¢ cient consumption plans. It highlights the link between the liquidity services and e¢ cient consumption. The additive in consumption and the money services utility function, in contrast, would break this linkage.
The liquidity services function is the CES function as in Imrohoroglu (1994) 
This functional form separates the elasticity of currency substitution 1 1 + from the share of foreign currency in the production of domestic liquidity services ' 2 (0; 1).
With these functional forms the marginal utilities are given by
where a = (1 ); b = (1 )(1 ) .
Three Model Speci…cations
Partial e¤ects on the degree of dollarization (domestic to foreign money ratio) are studied:
the e¤ect of in ‡ation di¤erential (foreign and domestic), of the changes in the exchange rate, and of the interest rate di¤erential (foreign and domestic currency deposits interest rates).
These three di¤erent model speci…cations allow us to look at dollarization under alternative assumptions.
First model speci…cation will be referred to as the in ‡ation model 1.1. Intuitively, lower expected domestic in ‡ation with respect to expected foreign in ‡ation should pro-vide incentives to substitute foreign currency with domestic currency. In ‡ation is de…ned as t = P t P t 1 P t 1 and t = P t P t 1 P t 1 . First order conditions of the problem (Eq. 2.3 and
These equations are rearranged in such a way that the variables enter the modi…ed equations as ratios and one minus growth rate form indicating the lack of signi…cant trends.
(1 ')(
From these, the optimality condition that will be used in GMM estimation for the in ‡ation 3 The stationarity issue is one of the important aasumptions for GMM estimation (Hansen,1982) . model 1.1 with the share parameter ' is
The optimal money ratio in the economy at the period t for the in ‡ation model 1.1 is
The money ratio in the period t is a function of the consumption-money ratios
and domestic and foreign in ‡ation in the next period t+1 , t+1 . The parameters are the share of foreign currency in the production of domestic liquidity services ', the transaction requirement of money in broad sense parameter , and that implies the elasticity of currency substitution 1 1 + .
Dollarization can be encouraged when the domestic currency is expected to depreciate.
Optimality condition for the exchange rate model 2.1 is obtained in similar way using Eq.
2.3 and Eq. 2.4 as for the in ‡ation model 1.1 using purchasing power parity condition P t = e t P t . The optimality condition is
The optimal money ratio for the model 2.1 at the period t is
In this case, money ratio depends on the depreciation rate e t+1 e t in addition to consumptionmoney ratios and parameters.
Dollarization ratio should also respond to di¤erences in rates of returns between domestic and foreign currency denominated deposits. The higher real return on domestic currency denominated assets would result in lower dollarization. In contrast to models 1.1 and 2.1, the interest rates model 3.1 divides money into current accounts and demand deposits (more liquid money) m t and m t , and certi…cates of deposits (term deposits) cd t and cd t that earn interest rates. From Eq. 2.1 and Eq. 2.2
e t+1 e t = 1 + i t+1 1 + i t+1 :
The optimality condition for the interest rate model 3.1 is
and the optimal money ratio at the period t is now a function of consumption-money ratios, parameters, and foreign and domestic next period interest rates i t+1 and i t+1 :
Modi…ed Versions of the Models
In the …rst version of each model, the share of foreign currency in domestic liquidity services ' is a …xed parameter. In modi…ed two versions, the assumption of the …xed parameter is relaxed.
For the second version, assume that the share of foreign currency in the production of domestic liquidity services ' changes over time. The agents make decisions over consumption and money holdings knowing lagged dollarization share in the economy in the previous
. This is the share of foreign currency in the production of money services. Using the actual data on dollarization shares DR t is calculated using dollarization ratios. For example, version 1.2 of the in ‡ation model is
In the third version, individuals act as econometricians by learning share of foreign currency in the production of money services using previous period's data on dollarization shares. This is aimed to capture inertia in the agents'foreign currency holdings. Knowledge is accumulated through the use of foreign currency by domestic agents in previous periods. A proxy for such knowledge at time t is …tted value of dollarization ratio obtained by regression on its lags. The idea behind this proxy is that knowledge of foreign currency is proportional to the amounts of foreign currency previously used. 4 That is, dollarization in the economy persists because agents constantly utilize accumulated knowledge on the foreign currency use. Each individual runs regression
with p being number of lags. One-step-ahead forecast d DR t=t 1 is obtained OLS estimation under general assumptions. Fitted values are the share of foreign currency in the money services.
For example, version 1.3 of the in ‡ation model is
Modi…ed versions for the exchange rate and the interest rate models are expressed in a similar way.
Data
The sample period considered in this paper is January 1996 -November 2007. 5 Monthly consumption of goods and services and the share of electricity consumption by households data are not available for Georgia. Quarterly goods and services consumption is correlated with electricity consumption series and have similar trends. Seasonally adjusted observations on the GEL/USD exchange rate are used. 6 The interest rates are domestic and foreign currency denominated term deposits'interest rates. All these series are taken from the National Bank of Georgia statistical bulletins. Foreign price index is the US consumer price index obtained from the Federal Reserve Bank of St. Louis. Figure 1 shows total dollarization share (foreign currencies share), in ‡ation and depreciation rates for the Georgian economy for the period 1996-2007. The dollarization share is calculated as real per capita sum of the foreign currency denominated personal accounts and demand deposits over the sum of the domestic and foreign currency deposits. The increases/decreases of the share can be partly explained by the lari appreciation/depreciation and in ‡ation rate. However, the ratios remain high despite low in ‡ation and depreciation rates. 
Evidence on Dollarization: Empirical Findings
The estimation results for the models 1, 2 and 3 (Eq. 2.5, Eq. 2.7, and Eq 2.9) and their versions (Eq. 2.11 and Eq. 2.12) are obtained using the GMM procedure robust to conditional heteroscedasticity and autocorrelation. The results are given in Tables 2, 3 , 4. In each case, the number of orthogonality conditions is greater than the number of parameters. The validity of these overidentifying restrictions is tested using the J-statistics. The test null hypothesis is that the restrictions are satis…ed, and the test statistic is distributed assymthotically as 2 with degrees of freedom equal to the number of overidentifying restrictions (Hansen, 1982) . The Hansen J-statistics are insigni…cant for all models, thus not rejecting their validity.
In all the models, foreign money balances have signi…cant share ' in producing liquidity The estimates of imply the elasticity of currency substitution ranging between 1.6 and 5.3 in the model 1 with in ‡ation. Increase in domestic over foreign in ‡ation leads to substitution of the domestic for the foreign currency. In the model 2 with exchange rates, the elasticity is between 1.017 and 11 indicating that the demand for the US dollar is responsive to the ‡uctuations in the exchange rate. The elasticity of currency substitution drops 7 The estimation using di¤erent instrument sets (number of lags) gives similar results.
signi…cantly in second and third versions of the model. Keeping ' constant (…rst version of the model) increases elasticity of currency substitution. The hypothesis 1=(1 + ) = 1 is rejected at any signi…cance level in favor of 1=(1 + ) > 1. In the model 3 with interest rates, the elasticity is between 2.3 and 4.9 but is not signi…cant in the benchmark 3.1 model.
To summarize, using monthly Georgian data gives support to models'overidentifying restrictions. The estimate of the elasticity of currency substitution is more than one, between 1.017 and 11, depending on the model's speci…cation. The US dollar is a good substitute for the lari with the motive for holding money being to reduce transaction costs in purchasing consumption goods. The data supports the money-in-the-utility-function model speci…cation with the transactions cost-reducing role for money. The estimate of the share parameter for foreign real money balance in producing money services is signi…cant and is economically big.
The empirical results of this paper can be compared with …ndings for other countries based on implications of similar dynamic equilibrium models. Bufman and Leiderman (1991) get the elasticity of currency substitution for Israel greater than one but the share of foreign currency is less than 0.5. Selcuk (2003) is not a good substitute of domestic currency and, moreover, the share of foreign currency in domestic liquidity services is very small (Imrohorouglu, 1994) . Dollarization plays signi…cant role in transition economies like Russia, Czech and Slovak Republics, Poland, Georgia but is insigni…cant in the developed economies like Canada. Moreover, the share of the US dollar in producing liquidity services is higher in Georgia than in other transition and developed countries.
Dynamics of Dollarization
The optimality conditions of the three versions of the three models are used to calculate the model predicted domestic to foreign money ratios. The optimal money ratio in the economy at period t is a function of economy parameters and consumption-money ratios.
In the model 1, the money ratio is also a function of domestic and foreign in ‡ation (Eq.
2.6). In the second and third models, the ratio depends on the changes in the exchange rate and interest rates, respectively (Eq. 2.8 and Eq. 2.10). The actual values of the ratio are compared to the optimal values calculated using the estimated parameter values for Georgia.
Predicted and actual money ratios are shown in Figures 3, 4 , 5 for models 1, 2, 3
respectively. These …gures show only the versions of the models that predict money ratios closest to the actual ones. The models 1.2, 1.3, and 2.2 that predict money ratios less precisely than the models 1.1 and 2.1, 2.3, respectively, are not shown in the Figures 3 and   4 .
The optimal money ratios capture the major movements in the actual data. The volatility of the optimal values is higher than in the actual data for the in ‡ation and interest rates models. In general, the models predict less dollarization in the economy and even de-dollarization in some periods starting from 1999. 8 When habit persistance is introduced the predicted dollarization is less volatile in some periods. The utility function depends on quasi-di¤erence of consumption c t c t 1 rather than only on consumption at period t. The parameter is the intensity of habit formation between zero and one. The modest (0.2) and strong (0.6) intensity of habit formation were considered. However, on average, the models still predict the same level of dollarization.
The exchange rate model predicts dollarization that is very close to its actual values. Given recent improvements in macroeconomic fundamentals, dollarization is persistent in Georgia. The simple basic models are able to explain this pattern. The models predict that signi…cant exchange rate and domestic in ‡ation stabilization, as well as increase in interest rate on the domestic currency deposits, reduce dollarization in the economy. When the domestic currency depreciates and there is high domestic in ‡ation the models 1 and 2 predict high dollarization close to actual. According to the model 3, increase in the interest rate on the domestic currency deposits provides additional incentive to switch to domestic currency.
Clearly, the main factor that in ‡uences the decision over foreign currency holdings is the exchange rate. The exchange rate model predicts dollarization very close to the actual one.
In ‡ation is the second factor that in ‡uences foreign currency holdings. However, the in ‡ation model predicts that dollarization ratio should be more volatile as a response to the changes in domestic in ‡ation. The interest rates di¤erential between domestic and foreign currency deposits should provide incentives to signi…cantly reduce the US dollar holdings according to the interest rate model. Inertia in the agent's behavior partly explains high dollarization in the period from 1997 to 1999. Once switched to foreign currency as a response to macroeconomic instability, there is hedging against future uncertainty. Possible explanation for excessive dollarization predicted by the interest rate model is portfolio diversi…cation motive. The agents hold foreign currency in the form of currency deposits and cash as alternative to savings in the form of domestic currency.
Conclusion
This paper presents new evidence for dollarization in the highly dollarized Georgian economy based on a money-in-utility-function model. First, the economic and statistical signi…cance of dollarization is studied based on implications of the model. The elasticity of substitution between the US dollar and the lari and their shares in producing money services are estimated using the GMM procedure. The impact of learning behavior on the elasticity of currency substitution is studied. Second, the paper studies the optimal and actual dynamics of dollarization.
The main empirical …ndings reveal that dollarization is of …rst-order importance in Georgia. The US dollar provides a good substitute for domestic currency when money is held to reduce transaction costs. The implied elasticity of currency substitution is signi…cantly greater than one. Foreign currency has signi…cant 0.57-0.8 share in producing liquidity money services. When behavioral aspects are introduced, the demand for the foreign currency becomes less responsive to the ‡uctuations in the exchange rate due to learning adjustment.
The benchmark simple model with the exchange rate predicts dollarization closest to its actual values among partial e¤ect models. The in ‡ation and the interest rate models predict more volatile dollarization than the actual one. The interest rate models predict less dollarization than the actual one in the economy. According to the exchange rate and the interest rate models, inertia in foreign currency holdings takes place until 1999. Agents are looking at previous period's dollarization in the economy when deciding how much of each currency to hold. Thus, once switched to foreign currency as a response to macroeconomic instability, there was hedging against future uncertainty even with macroeconomic improvement during this period.
As the US dollar is a good substitute for the lari, changes in domestic in ‡ation over foreign in ‡ation or in the exchange rate lead to substitution between currencies. Given the observed ratchet e¤ect, only the in ‡ation and the exchange rate stabilization policies will eventually reduce dollarization. For now, dollarization is present, should be taken into account, and can not be completely removed in the near future. 
